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Botanica Pacifica (BP) publishes peer-reviewed, significant research of interest to a wide audience of plant scientists in all areas of plant biology (structure, function, development, diversity, genetics, evolution, systematics), organization (molecular to ecosystem), and all plant groups and allied organisms (cyanobacteria, fungi, and lichens). Indexed by Russian Science Citation In dex (http://elibrary.ru/title_about. asp?id=34460)
I N T R O D U C T I O N
Since the late 20 th сentury, scientists have been documen ting the migration of plants upward on high mountains of the Northern Hemisphere (Grabherr et al. 1994 , Pauli et al. 2003 ) and northward to the North Pole (Sturm et al. 2005) , in response to warming winters. Small rises in summer temperatures are claimed to be responsible for the deaths, by bark beetles, of 40 million Picea (spruce) trees in the Kenai Peninsula of southern Alaska (Anonymous 2003) . More recently, decline of the Callitropsis nootkatensis (= Xan tho cyparis nootkatensis = Chamaecyparis nootkatensis, yellow-cedar) on nearly a million acres in the Alaska "panhandle", has been attributed to lower snowfall, causing the death of tree roots by freezing from exposure (Hennon et al. 2012) . While phenological changes are widespread and have been summa rized, latitudinal changes in contemporary forests have been demonstrated in only a few instances (Bertin 2008) . Fo rests of the Northern Hemisphere showed major changes in the location and abundance of tree species du ring a 5 °C increase in temperatures between 15 000 and 7 000 years ago (Joyce et al. 1990 ). Forest tree species migrated at dif ferent rates (Davis 1981) . In the early Holocene, under a rapidly warming climate regime, disassociation of forest tree species has been documented in migrating forests (Ber nabo & Webb 1977) . Greller et al. (2011) showed that Magnolia species, with centers of distribution in the southern Appalachian Piedmont and Mountains, have been establishing populations in oak (Quercus)-dominated forests of Long Island, New York, in which they had never before been documented. These range extensions, of many hundreds of miles in the case of Magnolia macrophylla, have no doubt been facilitated by local plantings of Magnolia species in local gardens and estates.
With the possibility of disassociation of the presently con stituted forests of the Northern Hemisphere mid-latitudes, it is timely to examine their floristic compositions and do cumented distributions in the light of climatic parameters at their distributional limits. Because predominantly deciduous forests occupy the largest portion of eastern North America and Europe, and are represented in Asia by forests rich in endemic genera and species, deciduous forests have been chosen for examination in the present paper.
M E T H O D S Bioclimatic Analysis (from Greller 1989)
The present analysis of zonal climates uses the system of bioclimatology by Bailey (1960 Bailey ( , 1964 Bailey ( , 1966 . This system has been applied intensively to modern aborescent ve ge tation in mid-latitudes (Axelrod 1965 , 1968 , Greller 1989 , in a tropical area (Greller & Balasubramaniam 1988) , and in near-shore paleontology (Hall 2002) . Se ve ral thermal characteristics have proved useful in distin gui shing vegetation, especially humid forests. Two of these cha racte ristics are the Warmth (W) of climate and its Tem perate ness (M), which were defined and quantified by Bailey (1960 Bailey ( , 1966 .
Bailey measured the warmth regime by "Effective Tempe ra ture" (ET), the "one thermal level which best cha racte rizes a temperature regime"; the temperature at which the growing season begins and ends. The equation (Bailey 1960) for Effective Temperature (Warmth) is:
ET(W) = (8T + 14A)/(8 + A), where T = mean annual temperature (°C), and A = the annual range of mean monthly temperatures. [Bailey consi de red ET(W) greater than 18°C to be "Hot"; less than 18°C but greater than 15.7°C as "Very Warm"; 15.7°C to 14.7°C as "Warm"; 14.7°C to 12.5°C as "Mild"; 12.5°C to 11.5°C as "Cool"; and 11.7°C to 10.2°C as "Very Cool"].
Bailey obtained from ET a definition of growing season (and an estimate of its duration): the number of days (t d ) with mean temperature warmer than W (ET). The equation for (t d ) is given as: t d = 182.6 + 2.03 arcsine (W -14) / 4, (in °C). Bailey (1960) created a measure of temperateness of climate, the statistic M, that provides an "index of thermal extremes that increase... from an ideal centered at T = 14°C (57.2°F) and A = 0°C, where T is the mean annual temperature and A is the annual range of mean monthly temperatures" (Axelrod & Bailey 1976 Bailey (1966) plotted on a nomogram the frequency of frost (f 0 in °C, f 32 in °F), in percentage hours of the year. For convenience in calculating ET and M, Bailey (1960) plotted these too on a nomogram. Warmth (W) was indicated as lines (radii) of effective temperature that "define the duration of the growing season as the num ber of days (t d ) with mean temperature warmer than [ET] ". Temperateness of climate (M) was indicated on the no mogram as a "field of arcs nearly normal to the radii that increase in all directions from T = 14°C, and A = 0°C". Bailey's nomogram provides an accurate, simple, easy, gra phic representation of several different thermal regimes on a single page, which facilitates comparisons of critical climate factors greatly (cf. Walter 1985) . At the same time, the sys tem does not assign detailed vegetational classifications to certain thermal regimes a priori (cf. Holdridge et al. 1971) , rather it defines polar and tropical climates and locates ve ge tation with reference to these regimes. According to Bai ley, moisture regime is third in importance for vegetation (af ter warmth and temperateness). This is because edaphic mois ture (clay soil, springs, high water tables, rivers, etc.) can often compensate for low precipitation to permit the lu xuriant development of forest vegetation that reflects the warmth and temperateness of the climate.
For a more detailled discussion of the Bailey Biocli mato logy System, the reader is referred to Hall (2002: 34) . The present study does not consider the moisture regime, so that the question of a "rainforest" designation, for example, is considered beyond its purview.
The nomograms used for calculation in this paper were pro vided by Harry P. Bailey (deceased) and Daniel I. Axelrod (deceased) , from originals in the Department of Earth Sciences, University of California -Riverside. A simplified ver sion of Bailey's nomogram appears as a graph in Greller (1980, Fig. 3 For geographic distribution of forest types, the fol lo wing publications were consulted: Forest products association of Canada (2013), Greller (1980 Greller ( , 1989 Greller ( , 1990 , Numata (1974) , Rowe (1972) , Rzedowski (1978) , UNESCO (1968, map) , Wang (1961) as well as extensive personal observations in Europe.
Forest Regions and Associations Considered in the Present Study

A. North AmericA Deciduous Forest
For the present study, the Deciduous Forest (DF) is recognized as comprising only the fol lowing associations of Braun (1950; map) 
, and Maple-Basswood (M-B). To this group, Greller (1988) added a Beech-BirchMaple-Basswood (BBMB) type in the higher elevations of the Southern Ap pa lachian Mountains. Those Forest Zones are mapped in Greller (1989, Fig. 1 ). Following Braun's (1950) map, sta tions near the periphery of each of the seven associations were chosen to represent the DF climate. In addition, one sta tion (Banner Elk, North Carolina) represents the BBMB Association.
Preliminary analyses of climates of the above types reveal that three more or less taxonomically, phy sio gnomi cally and/or climatically distinct sub-groupings can be recognized: Oak-Hickory association is not considered further because, although it mostly overlaps with O-C and MM, it exists in the Sub-Humid central portion of North America, where it often occupies river valleys under edaphic conditions that are more mesic than the surrounding upland soils. Wes tern Mesophytic forest occurs mainly in the Mississippi Val ley, and some of its stations overlap the O-P stations in Warmth and Temperateness (e.g., Memphis, Tennessee; and University, Mississippi). Western Mesophytic forest of the Mississippi Valley is here considered a mesic to hydromesic subsection of Braun's Oak-Pine region and relabeled as Oak-Pine Sub-Zone.
Central Hardwoods Sub-Zone. This forest region has, as arborescent dominants, taxa that are cold-tolerant and deciduous. Deciduous taxa also dominate a well-develo ped subcanopy tree layer, a discontinuous shrub layer, and a dense, rich, seasonally varied herb layer. Evergreen dicots, mainly the shrubs Rhododendron spp., Kalmia latifolia and Leucothoe spp., are confined to the subcanopy tree, shrub, and herb layers; they comprise little of the total basal area and involve only a few taxa. Braun (1950) and Greller (1988) for a detailed description of this forest type.
Maple Sub-Zone. Comprising the Beech-Maple, Maple-Basswood and Beech-Birch-Maple-Basswood associations of Braun (1950) , this sub-zone is characterized by cold-tolerant, deciduous trees in the canopy and understory. The shrub layer and herb layer are deciduous as well. Oak-Pine Sub-Zone. According to Braun (1950) , the Oak-Pine (O-P) region of the Eastern Deciduous Forest reaches its northern limit in southern New Jersey. Braun con sidered the whole O-P region to be transitional between the Southern Mixed Hardwood Forest (SMHF) region (her South eastern Evergreen Forest region; Greller's DEC, in part) and the Oak-Chestnut region (O-C). Evergreen dicots do not enter the canopy in the O-P forest zone. Mesic fo rests in the O-P are dominated by Fagus grandifolia (North Ca rolina, Nesom & Treiber 1977) , Liriodendron tulipifera (Geor gia, Skeen 1974 , Skeen et al. 1980 , as well as by many species of Quercus, Carya, Pinus and also Liquidambar, Acer rubrum, Nyssa sylvatica and others. Pinus, Quercus and Carya dominate on the drier sites. In the present study, upland forests of Cape May, New Jersey, dominated by deciduous trees of mainly southeastern United States dis tribution (Bernard & Bernard 1971) , are classified in Braun's (1950) Oak-Pine (O-P) region, but transitional to Central Deciduous Hardwoods. As noted above, the Wes-tern Mesophytic (WM) association of Braun (1950) is here con sidered a Hydro-Mesic subsection of the Oak-Pine Sub-Zone. (Greller's [1989] CD) In the present study this type is considered to be sepa rate from the Deciduous Forest, a practice that Braun (1950) [Pi cea rubens] , are characteristic species of the region, the former in dominantly coniferous communities, the latter in dominantly deciduous communities" (Braun 1950) . Referring to Little (1971) , it is clear that the arborescent dominants of the CD are broad-leaved deciduous taxa and evergreen co nifers of northern distribution in eastern and central North America. In Wisconsin, Curtis (1959: 535) lists Dirca pa lustris and Sambucus pubens as characteristic shrubs of CD mesic forests; other common shrubs are Corylus cornuta and Lo nicera oblongifolia. The diversity of shrub and herb layers is lower in CD than in DF mesic forests, and decreases with an increase of coniferous trees (Braun 1950 , Rogers 1982 . Curtis (1959) lists 21 common angiospermous herbs.
Conifer-Hardwood Forest
Southern Mixed Hardwood Forest
Located in the outer coastal plain and southern part of the Mississippi River Valley, this region has as its dominant life forms (1) deciduous trees (usually composing large parts of the canopy), (2) coniferous trees and (3) (Braun 1950: 301) . Cane (Arundinaria tecta), often reaching 6 m tall, was once abundant in the Loess Hills of the lower Mississippi Valley. Greller (1990) Magnolia, Ilex, Prunus) . Pinaceae are widespread on drier sites in both zones. The two types differ in the wide spread presence of Podocarpus and Cyathea and the more lo cal pre sence of Weinmannia and Drimys in MHDF, and the ab sence of these taxa (and their families) from the region north of Mexico.
Mexican Holarctic Dicotyledonous Forest
B. europe Deciduous Forests
The following geographic regions of Europe contain deciduous forest (Polunin & Walters 1985) :
Atlantic Forest
Under "Atlantic Deciduous woodlands", Polunin & Walters (1985) list two oaks as dominants, Quercus petraea and Q. 
Mediterranean Forest
This region extends from the Black Sea coast of Bulgaria, Ro mania and Turkey, west to the Iberian Peninsula, south of the Alps and the Pyrenees. Adjacent to the coast of the Me diterranean Sea, the forests are dominated by broadleaved evergreen angiosperms and evergreen conifers: Ce ra tonia siliqua, Olea europaea (coastal Andalusia, AMG, pers. obs.; Quercus ilex, Q. suber; Quercus coccifera, Q. calliprinos (both shrub-like) and Q. lusitanica (semi-evergreen) and the pine, Pi nus halepensis. Away from the coasts, deciduous an gi osperms enter the forest canopy, especially Quercus pu bes cens. In land and at higher elevations (to 900 m) in the Me di ter ranean region, deciduous and semi-evergreen forests are consi dered climax communities. Polunin & Walters (1985) consider Beech (Fagus) to be the natural climax forest of Central Europe. Under "Beech and mixed Beech woods", Ellenberg (1988) lists the following genera as forest dominants on the best soils: Acer, Carpinus, Fagus, Fraxinus, Tilia and Ulmus. Trees grow in uniform stands, reaching 30 m in height. They achieve ma tu rity in 60-100 years and trees decay after about 160 years. They allow very little light to penetrate to the ground la yer. As one proceeds south from the Pyrenees, Alps, Carpa thians, and central Balkans, beech forests occur higher up on mountains, for example in the Apennines south to Sicily where they occur at 2100 m on Mt. Etna. In southern Sweden and Britain they occupy lowland sites, reaching an up per limit of 300 m; in the northern Alps the upper limit is 1200 m, in the Pyrenees the limit is 1500 m, in Tirol 1550 m, and in the Apennines 1850 m. In the sub-Mediterranean re gion they show a lower limit of 700 m in the Rhodope Mts of Bulgaria to a lower limit of 1000 m on Mt. Olympus in Greece. Fagus often forms the upper limit of forest growth, mainly on limestone (pers. observ., Mt. Triglav, Slovenia).
Central European Forest
A The distinguishing characteristic of these forests is the presence of a tall (up to 4 m) understory, which is do minated by broadleaved evergreen shrubs and small trees (Nakhutsrishvili et al. 2010 (Zazanashvili 1999) . Compositional data and a comprehensive list of flora for Colchic forests are available from Box et al. (2000) . In Azerbaijan, according to Scharnweber et al. (2007) , the deciduous forests are represented in the Talysch: "The Talysch Mountains are located in southern Azerbaijan. The border to Iran in the West and South, the Kura-Araks lowland in the north as well as the Caspian Sea in the east, mark the boundary of the area. The altitude ranges from 12 m in Len koran up to 2400 m a. In one area it occurs as a montane belt above the BroadLeaved Evergreen Forest and below the Montane Co nife rous Forest. Climatically it is distinguished from DFC by a cold-month average temperature of 0°C or greater. Struc ture of the MMFC comprises a canopy crown layer, a lower tree layer, a tall shrub layer, a short shrub layer, an herbaceous ground layer of perennial shade-tolerant plants; there are climbers and epiphytes. Bamboo, although present, is rare in the understory. Wang (1961) compares it to the EDF Mixed Mesophytic association of Braun (1950) .
Hyrcanian Forest
MMFC is distinguished by the large number of species, most ly broad-leaved deciduous trees in a wide variety of fa milies; and by the presence of mixed dominants, never a single dominant. This forest type has taxa derived from the "warm and moist part of the temperate region." It is rich in en demism and monospecific genera. Wang (1961) Warmth of 12.7°C separates DF from CD clearly. DF appears to be separable climatically from DEC by an annual freeze period (f °C ≤ 0) of 3 % hr/yr. In figure 2 , the three sub-zones of the Deciduous Forest (sensu Greller 1989) Figure 3 is a Bailey nomograph of the Colchic-Hyr canian-Talysch forests of the Caucasus Mountain region of Wes tern Asia, compared with the Oak-Pine Sub-Zone of the southeastern United States. Most of the stations for both forest types range in Warmth from W = 13.8°C to W = 14.7°C. They are mostly separable by the M = 50 line of temperateness. Figure 4 and Table 1 show that the Deciduous Forest of Japan is nearly completely congruent in Warmth and Tem perateness with the stations of the Central Hardwoods Sub-Zone of the eastern Deciduous Forest of North Ameri ca (Albany, New York; Warren and Williamsport, Pen nsylva nia) that are colder and less equable than the other, more southern stations.
R E S U L T S
Deciduous Forests (DF) of Europe in Relation to
Deciduous Forests of the Caucasus Mountains in Relation to Eastern North America
Deciduous Forests in China and Japan
Further consideration of Figure 4 shows that the Deci duous Forest of China exhibits a range of Warmth (W = 13.0°C to 13.8°C) that is completely within the range of the Central Hardwoods Sub-Zone of the eastern Deci duous Forest of North America (W = 12.8°C to 14.4°C). In Temperateness, the DF of China ranges from M = 37.5 to M = 44 and is therefore less temperate than any of the stations of the Central Hardwoods of the EDF. The Maple Sub-Zone of the EDF (M varies from 36 to 49) overlaps completely the DF of China in Temperateness, but exists in a colder Warmth regime. Figure 5 and Table 1 show that the Mixed Mesophytic Fo rest of China (Wang 1961 ) is nearly completely congruent Greller (1990, Table 2 ) outlined the Broad-Leaved Forest Zones of eastern North America, compared them with Wal ter (1985) Zonobiomes and gave ranges of Warmth, Tem pe rateness, freeze frequency, length of growing season and Effective Precipitation for each. The following is Greller's (1989 Greller's ( , 1990 summary of the bioclimatology of three zones of mainly deciduous forest zones in Eastern North Ame rica, and a separate type from Mexico. Greller's (1989 Greller's ( , 1990 earlier analysis is the transfer of Tallahassee (Florida) from SMHF to Temperate BroadLeaved Evergreen Forest (TBEF) region, attendant upon subsequent research.
Mixed Mesophytic Forests in China
D I S C U S S I O N
Eastern Deciduous Forests of North America
EDF Comparisons with a Holarctic Forest in the
Sierra Madre Oriental, Mexico (not graphed) According to Greller (1990: 394, Fig. 3 Greller 1990) . Nevertheless, the MHDF is much more equable (Very Temperate in Bailey's rating system) than the SMHF, showing no overlap in that statistic. The MHDF, however, also overlaps, in Warmth (W), the Temperate BroadLeaved Evergreen Forest (TBEF) from central Florida north along the Atlantic coast, and overlaps all of the DEC/Southern Mixed Hardwoods Forest (SMHF). Thus, it is not strictly comparable to the Eastern Deciduous Forest (EDF) proper, but to the transitional forest area (including SMHF and coastal TBEF) to the south of the Oak-Pine Sub-Zone of the EDF.
Deciduous Forests of Europe
Climate is very broadly characterized by average July tem peratures of 20-24°C and January mean temperatures ran ging from 0 to 5°C. Total annual precipitation is 700-1000 mm/yr. In Central Europe, the climate is mild with an average an nual temperature of about 10°C. Average annual preci pita tion is about 1000 mm, although the amount may be lower in cooler regimes. Ellenberg (1988) listed the following tree genera as characteristic of the deciduous broad-leaved forests of Europe: Acer, Alnus, Betula, Carpinus, Crataegus, Fa gus, Fraxinus, Ilex, Malus, Populus, Prunus, Pyrus, Quercus, Salix, Sor bus, Tilia and Ulmus. Overall, the mainly lowland stations of the European decidu ous forests show an estimated range of Warmth (W) It is likely that European beech (Fagus) forests exist at si milar warmth levels to the EDF-Maple Sub-Zone, where beech is often an important component of the forests, even for ming relatively pure stands (Appalachian "beech gaps") at the elevational limits of deciduous forests.
Caucasian Deciduous Forests
The Colchic region has high rainfall, averaging 1 500-2 500 mm annually, with a maximum in excess of 4 000 mm, and has been designated a temperate rainforest (Na khu tsri- Fig. 1 shvili 2010). Bioclimatically, in Warmth and Tem pe rate ness, the Caucasian mixed forests compare most closely with the Oak-Pine Sub-Zone of the eastern Deciduous Fo rest of North America (Fig. 3, Table 1 ). The North American forest (O-P Sub-Zone) occupies a less temperate regime, existing mainly in Sub-Temperate conditions, where M ≤ 50. The Caucasian forests range within the Temperate (M ≥ 50) regime.
Deciduous Forests of Eastern Asia
In their Figure 1 , Nakashizuka & Iida (1995) show Tempe rate Deciduous Forest of eastern Asia as comprising two sections: CDF, the cool-temperate deciduous forest, and WDF, the warm-temperate deciduous forest. This decidu ous forest region is shown ranging from 33°N to about 42°N latitude, and between 110° and 141°E longitude, occurring in China, Korea and Japan. Box & Fujiwara (2012) discuss the zonation of bio climates in the "temperate zone" and recognize three subzones. The second they list is: "a generally subcontinental 'ty pi cal temperate' zone with four seasons of roughly equal ex pression and more completely deciduous forests (without co nifers [and broad-leaved evergreens] at maturity)..." In their Table 1 , Box & Fujiwara define the climate limits of the "Temperate Zone" as "frost every year, to < -15°C; winter means > or < 0°C;" and describe the plant cover as "vegetation mainly winter-deciduous (conifers secondary or dis climax)." Their Table 2 lists three types of vegetation regions for the Temperate Zone: Beech forests (in Japan + Ulleung-do, Chinese S-central mtns; Mixed-oak forests (in N Chi na, Korea, Japan, S Japan-Korea); Mongolian oak forests with Carpinus (in N China-Korea-China. This classification was adopted earlier by Nakashizuka & Iida (1995 (Nakashizuka & Iida 1995) .
C O N C L U S I O N
In North America, and considering Eastern Deciduous (DF) Forest, a radian of Warmth of 12.7°C separates DF clearly from Conifer-Hardwood Forest (CD). DF ap pears to be separable climatically from Southern Mixed Hardwood Forest (DEC) by an annual freeze period (f °C ≤ 0) of 3 % hr/yr. We see that eastern North American Central Hardwoods deciduous forests are congruent in Warmth with Euro pean deciduous forests; however, they live under a much more extreme regime of Temperateness. It is likely that European beech (Fagus) forests exist at similar warmth le vels to the EDF-Maple Sub-Zone, where beech is often an important component of the forests, even forming pure stands (Appalachian "beech gaps") at the elevational limits of deciduous forests.
When the Colchic-Hyrcanian-Talysch forests of western Asia are compared with deciduous forests of eastern North Ame rica, the closest climatic relation is with the Oak-Pine Sub-Zone of the Eastern Deciduous Forest. Most of the sta tions for both forest types range in Warmth from W = 13.8°C to W = 14.7°C. They are mostly separable by the M = 50 line of temperateness.
The Deciduous Forest of Japan is nearly completely con gruent in Warmth and Temperateness with the cooler, nor thern stations of the Central Hardwoods Sub-Zone of the Eastern Deciduous Forest of North America.
The Deciduous Forest of China exhibits a range of Warmth that is completely within the range of the Central Hardwoods Sub-Zone of the eastern Deciduous Forest of North America. In Temperateness, all the stations of the DF of China are more ex treme, less temperate, than any of the stations of the Central Hard woods Sub-Zone of the EDF.
The Mixed Mesophytic Forest of China (Wang 1961 ) is nearly completely congruent in Warmth and Temperateness with the Oak-Pine Sub-Zone of the eastern Deciduous Forest of North America.
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L I T E R A T U R E C I T E D
Species
